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1. Introduction 
 Oscillatory baffled flows (OBFs) have been used for a variety 
of applications in chemical engineering, most prominently in reactor 
engineering due to significantly enhanced mixing and transport rates 
compared to steady-flow tubular reactors. The system consists of a 
tube (typically of diameter 5-50mm), a static tube insert (or “baffle”, 
commonly an orifice or helical coil) and an oscillatory flow which is 
superimposed onto a net flow. The combination of the oscillatory 
flow motion and the edge of baffle leads to the formation and 
shedding of vortices upon each flow reversal, leading to significantly 
enhanced radial mixing compared to steady-flow systems. This 
allows decoupling of mixing and transport rates from the net flow 
rate, allowing plug flow behavior and enhanced heat/mass transport 
rates to be observed under laminar net flow conditions. 
 
Figure 1. Example of vortex formation around a helical coil tube 
insert design in an oscillatory flow [1] 
 
OBF is characterized using the net flow Reynolds number 
(Eqn. 1) and the oscillatory flow Reynolds number (Eqn. 2) where 
the velocity term is replaced by the maximum forward velocity of 
the oscillatory flow component.  
𝑅𝑒𝑛 =
𝜌𝑣𝐷
𝜇
 (1) 𝑅𝑒𝑜 =
2𝜋𝑓𝑥𝑜𝜌𝐷
𝜇
 (2) 
[ρ: fluid density, v: is superficial net flow velocity, D: tube diameter, 
μ: liquid viscosity, f: oscillation frequency, xo: oscillation amplitude] 
This paper summarises the experimental research conducted 
into heat transfer in OBF systems at the Process Intensification 
Group at Newcastle University and briefly discusses potential areas 
of exploitation of the technology for heat exchange applications. 
2. Methodology 
Experiments have been performed to determine the heat 
transfer performance of OBFs at three different tube diameters: 5mm, 
25mm and 50mm. Orifice baffles have been used at all three scales, 
and two additional inserts used at the 5mm scale (helical coil insert 
and central baffle). At each scale a tube-in-tube heat exchanger 
arrangement has been used with a large flow excess on the shell side, 
ensuring that the dominating heat transfer resistance is always that 
on the tube (OBF) side. A general schematic of the experimental rigs 
used in these tests is shown in Figure 2. For each type of system, the 
Nusselt number was evaluated across a wide range of Ren, Reo and 
Prandtl number (Pr). 
Figure 2. Schematic of typical experimental rig 
3. Results 
At every scale investigated a significant enhancement in the Nusselt 
number has been achieved. Compared to the steady, unbaffled (plain 
tube) case, OBFs show a Nusselt number enhancement of upto 5-
fold and compared to the steady, baffled case an enhancement of 
upto 2-fold. At a critical value of Reo, the Nusselt number plateaus 
indicating that a radial mixing limit has been reached.  
Figure 3 – Example results showing Nusselt number enhancement 
at 25mm scale. 
4. Conclusions & Future Work 
 The results to date show significant heat transfer enhancement 
at every scale investigated. Future work will focus on further 
characterization and applications 
 Applications are expected in areas where the (net) flow rate is 
inherently laminar but enhanced heat transfer is desired.  
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